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 THE STRENGTH OF SINGLE CRYSTALS OF INORGANIC SALTS 
              UNDER HIGH PRESSURE, IV 
                               HY KAZOO IrooE 
                              (Rereirad Ab.en;ber30, 7960) 
           On the optical windows for the pressure proof chamber of three kinds of alkali 
        halide single crystals the projections [o the atmospheric side of the window were 
         measured, and some considerations were described. Also, using Taylor's equation. 
        the values of L for the optical windows of sodium chloride, potassiumbromide 
        and lithium duoride were calculated. 
   Por the measurements of the optical properties under high pressure, glass, quartz and alkali 
halide single crystals are used as the optical windows for pressure proof chambers, and their usable 
pressure ranges were reportedr-a1. Ia Part I of this series=l, the bursting process of the optiral 
windows of alkali halide single crystals: sodium chloride, potassium chloride and lithium fluoride 
under high pressure were observed. 
   In general, the one surface of the optical window is exposed to higb pressure and the other 
surface to atmospheric pressure. Then the windows subject large shear stress along the peri-
pheral Tine of the window hole throughout o atmospheric pressure, and then the windows project 
into the hole. The allowable projection for using as an optical window is diYided by the purpose, 
and no ohservation is found in regard to the quantitative treatment between the pressure and the 
plastic deformation into the hole. In the present paper, [he heights of the projection due to the 
pressure on three kinds of alkali halide single aystals were measured, and [he experimental 
equation was found for the second stage of the deformation. Also, using Taylor's equation discussed 
in Part III"~, the distance over which a dislocation could be propagated in The crystal was calculated. 
                              Experimentals 
   Dlaterials The single instals used in this experiment, sodium chloride, potav-ium bromide 
and lithium fluoride, were made in our laboratory°l, and the same as used fn Part IIo~. The shape of 
specimen is cylindrical or octagonal, 5-V15mm in thickness and 12~28mm in diameter or in op-
posite distance, and [he both surfaces parallel to the plane of the cleavage were polished as optical 
plane. 
    3) R• Kiyama, Tbis Journal. 19, 17 (1945) 
    T) R. Kiyama and K. moue, ibid.,21, i8 (1951; 
     3) R, W, Parsons and A. G. Drickamer,!. Opl. Sot. Arn., 46, 464 (1956) 
    4) K. moue, This Journal, 3D, 80 (1960) 
    5) R. Kiyama and S, Minomura,ibid., 23, ]0 (1953) 
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   Apparatus and procedure The apparatus used is the same intensifier as in Part I, and 
a height finder was fitted to measure the height of the plastic deformation into the hole as shown 





Fig. 1 Experimental apparatus
[he displacement of [he rod (R), which is vertically movable along the hole and the sleeve (G). 
The displacements of [be rod were measured with the optical lever consisted of the mirror (\f) 
and the arm (A) fixed on the plug. The magnifying power of the optical lever was about 10000 
times; and was calibrated with a dial gauge. The pressure was applied with silicone oil, and 
measured by a Bourdon type pressure gauge. The rate of loading was 20 kg/cm= per minute in 
all measurements.
                               Results 
   The measured heights of the projectionh atthe center in the window hole for various pressures p 
were shown in Tables 1^-3. The h^-p curves obtained from these data showed the parabola inthe 
low pressure ange, but in [he crystal which has large ratio of [he hole diameter to the thickness, 
the increasing rate of h decreases temporarily in the pressure range above a certain value. This 
phenomenon may be understood from the fact that the hydrostatic pressure on the side surface 
of the crystal becomes effective for the resistance to the flow under high pressure as shown in 
Fig. 2 (a), and when the ratio is small, as shown is Fig. 2 (b), the crystal is treated as a thin 
plate, and the shear stress along the periphery of [he window hole is the most important [actor 
of the plastic deformation. 
   In Fig. 3 is shown the atmospheric side o: the sodium chloride window, 18mra in hole dia-
meter and 9.Smm in thickness, compressed with the pressure up to 4gOkg/cm'. The figure 
shows many cracks along the (100) and (t10) planes and a few cracks along the (I11) plane. 
Similary; in Fig. 4 isshown the lithium fluoride window, 6.5mm in thickness, blown out by the 
pressure up to 700kg/cm=.
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   Table 1 G values of NaCI (10-•tm)
i 1804 1805Crpstal No. zoz 103 104 403 409 405
Hole dia.,mm z a is
T6ickness,mm 5.6 5.6 SA i.2 6.0 5.3 10.2 5.5
Pressure, y
k8/cm~
20 1.5 l.b 0.7 2.0
40 2.8 3.4 2.4 S.J 4.4 1.4 4.7
fi0 i:9 I0.3 8.8 2.1 7.5
80 S.fi 9.3 7.7 8.6 14.8 12.6 zs 10.9
100 I1.0 10.2 16.9 I4.5 66.]
120 li.l l 5.] 13.9 I3.I 23.7 2o.a 25.2 172
140 16.3 27.2 22.8 38.0 304
160 19.b 20.fi 20.9 21.4 28.6 26.5 56.7 457
180 26.fi 30.8 32.1 18. ] 900
200 24.8 26.3 26.] 33.3 35.7 103
220 36.7 38.9 12s
240 29.6 30.9 32.1 405 36.2 42.1 156
2fi0 42.] 38.0 44.9 WI
280 35.6 36.3 37.7 45.6 40.4 48.3 22fi
300 49.2 42.9 51.3 2fi4
320 41.4 41.5 4i.0 52.fi 45.4 302
340 56.1 46.8
360 48.7 43.9 49.2 bC.3 41.9
360 48.6
400 58.0 45.3 55.2 fi9.4 50.3
420 72:9 53.4
440 fi5.7 46.0 61.7 71.1 55.3
460 75.9 57.5
480 72.0 46.8 66.8 82.7 fi1.0
500 74.8 47.8 69.7 87.5 63.9
550 i8.7 49.4 )3.6
fi00 53.2 51.5 75.7
650 85.3 53.3 n.a
7oa s7.4 55.8 79.6
750 90.2 58.4 81.7
800 95.9 61.9 63.2
   In the specimen subjected to large deformation, as shown in Fig. 5, it was Cound that the 
surface of the high pressure side of the window caved in the shape of square along the (110) plane, 
and [his phenomenon observed the most clearly in potassium bromide. 
                              Considerakions 
   ~1s hown in the schematic diagramsin Part I, the forms of the projection in the window hole 
change through various processes to reach the breakdown. It may be treated quantitatively only 
under the condition B in Fig. 2 of Part I, and thus the variation was shown more precisely in 
Fig. 6. There are three stages, the first stage (a), which follows Hooke's law called the elastic 
range, the second stage (b), in which the spherical plastic deformation appears along [he peri-
phery of the window hole, and radius of curvature of the sphere changes with increasing pressure; 
and the third stage (t), iri which after the radius of curvature reaches a certain value, the extrusion
i88
Tahle 2
The Review of Physical Chemistry of Japan Vol. 30 No. 2 (1960)
  __. R. moue ~ ~. 








  kg/tm+ 
   40 
   80 
   120 
   •160 
  200 
  240 
  280 
  320 
  360 
  400 
   440 
  480 
  500 
  550 
  600
  3.I 

















13 Hole dia, mm
4.8 lLfi Thickness, mm
  3.8 


















   50 
  100 
  Ii0 
  200 
  130 
  300 
  350 
  4ao 
  450 
  500 
  550 





  O.i 
  2.1 
  5.5 











  1.6 
  4.3 









occurs in the whole surface of the hole. The pressure which shifts from a stage to the next stage, 
is decided with the kind of crystal, the hole diameter and the thickness. 
   Prom the values in Tables 1-3, the relations between logeeand loge were classified according 
to the above three stages shown as an example~in Fig, 7. In the first stage. the inclination of 
the curve differed with the ratio of the hole diameter to the thickness. but in this range, the 
amount of deformation is very small. and moreover the measured points are poor, nothing tan 
be said in this range. In the second stage. logk is proportional to loge in all crystals; hence 
the following relation is given for this stage. 
                                   h=Cp". 
The parameter A is a function of the kind of crystal, the hole diameter and the thickness of the 
crystal. The values of A from the experiment were shown in Table 4 with the pressure range 
of the second stage in each crystal. In the-third stage, the extrusion in the whole surface of the 
hole is attended with the cracks as above mentioned, and the projection height seems not pro-
portional to the pressure. This range can be treated only for the crystals able [o elongate largely 
as metals. 
   In spite of the .values of A for the second stage shown in Table 4. since the pressure range 
of the stage is narrow, the author attempted to make the application of Taylor's equation, in 
which it was assumed [ha[ the shear is proportional to square of [he shear stress, only for the 
second stage of crystals for 18mm in hole diameter As mentioned in Part III, the following 
equation is given by Taylor on the relation between the shear strain r and the shear stress J 
    2) G. I. Taylor, Proc. Roy. Sot. (La~don), A145. 362, 388, 405 (1934)
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Fig . 3 Photograph of the cracked specimen 
       crystal: NnCI 
       hole diameter: 18 mm 
        thickness: 9.5 mm 
        mas. pressure:480 kg/cm=
Fig. 4 Photograph of the crushed specimen 
  crystal LiF 
  hole diameter: t8 mm 
  thickness: 6.i mm
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Ezamples of logh~logp curves
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Table 4 The pressure range of the second stage and A values
Crystal Hole dia.mm
T6ickness I Pressure range
mm kg/cmT A
102 2 3.fi SO-480 1.09
1aCl 203 i 3.fi 80-320 1.09
204 ~~ s.4 soas0 1.09
KBr 201 2 4.i so-z0o ls7
403 4 ~.7 60-140 1.13
NaCI 404 i 6.0 40-f00 1.4fi
405 u 3? 40-I50 1.40








KBr 1802 l9 t l.fi 4o-loa 3.73






                       r=cG=zf. 
where G is the modulus of shear, ,! the inten•al of the atoms in the direction of 
constant depending on the particular arraegement of the center of dislocation, which 
0.17 for square lattice of dislocation, and L the mean free path of the dislocation. 
   The crystal for 18 mm in hole diameter is considered as a thin plate, [hen the 
J is given by the following equation, 
                    J= qp 
and the shear strain r is nearly equal to tan r, when r has small value, then 
                                     4kd ~4h 
                               yTtanr=d~ -ah= d '
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Combining Eq. (1) with Eqs. (2) a¢d (3), the resulting equation is 
r 
                               L= 64C=G,i t hn .                                       d'Q-
   The calculated values of L are given in Table 6, usi¢g the h/ps values i¢ Table 5 
data in Tables t~3. These values of L are smaller than the results of Part III in all 
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